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SOLUTION: The semiconductor 
element comprises a p type ZnO 
single crystal layer 1D7i a first 
metal layer IDfla contacted with 
the layer 1D7 and containing at 
least one type selected from the 
group consisting of Nii Rhi Pt i Pd and their alloys-, and 
a second metal layer IDflb formed on the layer IDfla and 
containing a metal different from that of the layer IDfla 
or their alloys. 



CLAIMS 



[Claim ( s ) 1 

[Claim 1JA semiconductor device comprising: 

A p type ZnO system single crystal layer. 

The 1st metal layer containing at least one sort which 

contacted said p type ZnO system single crystal layeri and 

was chosen from a group of nickeli Rhi Pti Pdi and these 
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alloys- 

Metal which is formed on said 1st metal layer and is 
different from said 1st metal layeri or the 2nd metal layer 
containing those alloys. 

[Claim 23A semiconductor device comprising: 

A p type ZnO system single crystal layer. 

The 1st metal layer in which said p type ZnO system single 

crystal layer is contacted! and a work function contains 

about 5-D-eV metal- 

The 2nd metal layer that consists of an alloy containing 
one sort of different metal from metal which is formed on 
said 1st metal layeri and a work function is about 5.0 eV 
and forms said 1st metal layeri or these metal- 
A surface metal layer which is formed on said 2nd metal 
layer and consists of metal in which the work function is 
lower than a work function of said 1st metal layer- 

[Claim 33The semiconductor device according to claim 2 

which has the reflectance in which said surface metal 

layer is higher than said 2nd metal layer- 

[Claim MUThe semiconductor device according to claim 2 

containing an alloy containing an alloy in which said 

surface metal layer contains Ag or Agi aluminum^ or 

aluminum. 

[Claim SUA semiconductor device given in either to claims 
2-M containing a compound in which said work function 
contains elements in which about S-D-eV metal is chosen 
from among nickeli Aui d and Pdt or these elements-, or 



an alloy. 

CClaim bJA semiconductor device given in either to claims 
1-5 stratified or whose heights of SD nm or less of said 
1st metal layer thickness is a field with an island shape 
of SD nm or less- 

CClaim 71A semiconductor device given in either to claims 
1 - b said whose 1st metal layer is nickel and in which said 
2nd metal layer is Au. 

CClaim AHA semiconductor device given in either to claims 
1-7 in which said 1st metal layer and said 2nd metal layer 
are in a **** state- 

CClaim TJA semiconductor device given in either to claims 
1-fl by which said p type ZnO system single crystal is the 
laminated structure by which a ZnO layer and a ZnTe layer 
were laminated by turnsi and N is doped by said ZnTe layer 
at least. 

CClaim 1DJA semiconductor device given in either to claims 
1-fl by which ** doping of a p type impurity and the n type 
impurity is carried out as for said p type ZnO system 
single crystal - 

CClaim HJThe semiconductor device according to claim ID 
said whose p type impurity is N and in which said n type 
impurity is Ga . 

CClaim 123 A manufacturing method of a semiconductor 

device including a process of forming the 2nd metal layer 

characterized by comprising the following. 

A process for which a p type ZnO system single crystal 

layer to which the surface was exposed is prepared- 

A process of forming the 1st metal layer containing at 
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least one sort chosen from a group of nickeli Rhi Pti Pdi 
and these alloys on the surface of said p type ZnO system 
single crystal layer- 

Different metal from said 1st metal layer on said 1st metal 
layeri or those alloys- 



EClaim 133A manufacturing method of a semiconductor 

device characterized by comprising the following. 

A process for which a p type ZnO system single crystal 

layer to which the surface was exposed is prepared- 

A process of forming the 1st metal layer in which a work 

function contains about S-D-eV metal on the surface of 

said p type ZnO system single crystal layer- 

A process of a work function being about S-D eVi and a work 

function being metal lower than a work function of said 

1st metal layeri and forming the End metal layer that 

consists of an alloy containing different metal from metal 

which forms said 1st metal layeri or these metal on said 

1st metal layer - 



CClaim miA manufacturing method of the semiconductor 
device according to claim IB or 13 which includes a process 
of heat-treat ingi after a process of forming said 1st and 
End metal layers. 

EClaim 1S3A semiconductor device comprising: 
A substrate ■ 

A ZnO system buffer layer formed on said substrate. 
The 1st semiconductor layer containing the 1st 
conductivity type or a End c o nd uc t i v i t y- t y p e ZnO system 



single crystal layer formed on said ZnO system buffer 
layer . 

The End semiconductor layer that is formed on said 1st 
conductivity type or a End c ond uc t i v i t y - t y pe ZnO system 
single crystal layer-i and has said 1st conductivity type 
or a conductivity type contrary to a End c on d u c t i v i t y - t y p e 
ZnO system single crystal layers The 1st metal layer 
containing at least one sort which contacted a p type 
semiconductor layer among said 1st semiconductor layer or 
said End semiconductor layeri and was chosen from a group 
of nickel i Rh-i Pti Pdi and these alloysi Netal which is 
formed on said 1st metal layer and is different from said 
1st metal layeri or the End metal layer containing those 
alloys. 

CClaim IbHIt is formed on the 1st metal layer 
characterized by comprising the following! and said 1st 
metal layeri A semiconductor device containing the End 
metal layer that consists of a kind of an alloy containing 
metal which a work function is about 5-D eV and is 
different from metal which forms said 1st metal layeri or 
these metaln and a surface metal layer which it is formed 
on said End metal layeri and a work function becomes from 
metal lower than a work function of said 1st metal layer. 
A substrate. 

A ZnO system buffer layer formed on said substrate. 
The 1st semiconductor layer containing either of the 1st 
conductivity type or End c o n du c t i v i t y- t y p e ZnO system 
single crystal layers which were formed on said ZnO system 
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buffer layer - 

It is formed on said 1st conductivity type or a End 
co nd uc t i v i t y- t y pe ZnO system single crystal layeri a p 
type semiconductor layer is contacted among said 1st 
semiconductor layer or said End semiconductor layer 
including the End semiconductor layer that has said 1st 
conductivity type or a conductivity type contrary to a End 
conduct iv i ty- type ZnO system single crystal layeri and a 
work function is about 5-D-eV metal. 

CClaim 173Ithe End electrode characterized by comprising 
the following! and said 1st electrode and or an OPTO 
semiconductor device containing an opening formed in said 
End electrode. 
A substrate. 

A ZnO system buffer layer formed on said substrate. 

A n type ZnO system single crystal layer formed on said 

ZnO system buffer layer- 

A p type ZnO system single crystal layer formed on said 
n type ZnO system single crystal layeri The 1st electrode 
in contact with said n type ZnO system single crystal layeri 
and the 1st metal layer containing at least one sort which 
contacted said p type ZnO system single crystal layeri and 
was chosen from a group of nickeli Rhi Pti Pdi and these 
alloysi Metal which is formed on said 1st metal layer and 
is different from said 1st metal layeri or the End metal 
layer containing those alloys. 

[Claim IflHAn OPTO semiconductor device comprising 



containing the 2nd electrode and an opening formed in said 
1st electrode and said 2nd electrode: 
A substrate - 

A ZnO system buffer layer formed on said substrate- 

A n type ZnO system single crystal layer formed on said 

ZnO system buffer layer- 

A p type ZnO system single crystal layer formed on said 
n type ZnO system single crystal layer-i The 1st electrode 
in contact with said n type ZnO system single crystal layeri 
and the 1st metal layer in which said p type ZnO system 
single crystal layer is contacted! and a work function 
contains about 5-0-eV metali The 2nd metal layer that 
consists of an alloy containing different metal from metal 
which is formed on said 1st metal layer i and a work 
function is about 5-0 eV and forms said 1st metal layeri 
or these metali A surface metal layer which is formed on 
said 2nd metal layer and consists of metal in which a work 
function is lower than a work function of said 1st metal 
layer. 



IClaim nUThe OPTO semiconductor device according to 
claim 17 or Ifl with which said substrate is a transparent 
substrate and a reflector which reflects in said substrate 
side light emitted from said opening on said opening is 
provided - 

CClaim 2D3Uhile a reflection part which reflects in the 
rear-face side of said substrate light which he follows 
towards said substrate is provided-! to the surface side 
of said substrate. The OPTO semiconductor device 
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according to claim 17 or Ifl with which the End transparent 
substrate in which the 1st wiring section that contacts 
said 1st electrode and said End electrode electrically i 
respectively-i and the End wiring section were formed is 
arranged. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention]! 
[□□□11 

[Field of the I n v e n t i o n IT h i s invention relates to a 
semiconductor device which includes in details the 
electrode structure from which low resistance ohmic 
contact is obtained to a p form ZnO system single crystal 
morei and a manufacturing method for the same about the 
semiconductor device of a ZnO system. 
CDOOSl 

[Description of the Prior ArtJAs for the ZnO crystal which 
is a kind of II-VI group compound semiconductor-, the 
application to OPTO semiconductor devicesi such as a light 
emitting device and a photo detector! is expected. Since 
a ZnO crystal is a semiconductor which has a large band 
gap (Eg = 3 . 4 eV)i the luminous wavelength corresponding 
to a band gap serves as 3bD to 4 DQ-nm ultraviolet radiation. 
[□□□33 

[Problem(s) to be Solved by the In vent i onJBy the wayi ZnO 
has the character called unipolarity. Although it was 
comparatively easy to realize an n-type semiconductor 
(n-ZnO) using Znd it was difficult to realize a p-type 
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semiconductor ( p-ZnO ) • 

IDDDHlTheref ore i it was difficult to form p-n junction 
using ZnOi and it difficult to realize the semiconductor 
device of a ZnO system-t especially the OPTO semiconductor 
device which has p-n junction. 

COODSJThe report of that the p type ZnO crystal was 
obtained is made by using into ZnO the art which carries 
out the ** dope (co-dope) of the gallium (Ga) which is 
nitrogen (N) and the n type impurity which are p type 
impurities these days- The method of more specifically 
growing up a p type ZnO single crystal by the pulse laser 
deposition methodi carrying out the ** dope (co-dope) of 
the gallium (Ga) which is nitrogen (N) and the n type 
impurity which are p type impurities into ZnO is used. 
EDDDblBy the wayi although aluminum was generally used as 
an ohmic electrode to a n type ZnO crystali there was no 
knowledge about the ohmic electrode which fitted the p 
type ZnO crystal from the above situations- 
C0DD7]IAn object of this invention is to provide a 
semiconductor device which has ohmic electrode structure 
suitable for a p type ZnO system crystali and a 
manufacturing method for the same- 
EDDDfl] 

[Means for Solving the ProblemlThe 1st metal layer 
containing at least one sort which contacted a p type ZnO 
system single crystal layer and said p type ZnO system 
single crystal layer according to one viewpoint of this 
invention! and was chosen from a group of nickeli Rh-i Pti 
Pdi and these alloysi It is formed on said 1st metal layeri 
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and a semiconductor device containing different metal 
from said 1st metal layer or the 2nd metal layer containing 
those alloys is provided. 

CODCHIIA process for which a p type ZnO system single 
crystal layer to which the surface was exposed is prepared 
according to other viewpoints of this invention! A process 
of forming the 1st metal layer containing at least one sort 
chosen from a group of nickel i Rhi Pti Pdi and these alloys 
on the surface of said p type ZnO system single crystal 
layeri A manufacturing method of a semiconductor device 
including different metal from said 1st metal layer on 
said 1st metal layer or the End metal layer containing 
those alloys-i and a process to form is provided. 
EDQ1Q3A ZnO system buffer layer which was formed on a 
substrate and said substrate according to other 
viewpoints of this invention! The 1st semiconductor layer 
containing either of the 1st conductivity type or End 
conductivity-type ZnO system single crystal layers which 
were formed on said ZnO system buffer layer! It is formed 
on said 1st conductivity type or a End c o n d u c t i v i t y - t y p e 
ZnO system single crystal layeri and the End semiconductor 
layer that has said 1st conductivity type or a 
conductivity type contrary to a End c o n d u c t i v i t y - t y p e ZnO 
system single crystal layer is includedi The 1st metal 
layer containing at least one sort which contacted a p type 
semiconductor layer among said 1st semiconductor layer or 
said End semiconductor layeri and was chosen from a group 
of nickel n Rhi Pti Pdi and these alloysi It is formed on 
said 1st metal layeri and a semiconductor device 
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containing different metal from said 1st metal layer or 
the 2nd metal layer containing those alloys is provided- 
[□011J 

[Embodiment of the I n v e n t i o n 1 H e r e a f t e r -i the term with the 
p type ZnO system single crystal used in this 
specification shall also contain not only a p type ZnO 
single crystal but the semiconductor single crystal layer 
which has the same large band gap as ZnOi for example like 
the superstructure of ZnO and ZnTe including ZnO as a basic 
component - 

IED012]I"The growing temperature of the low-temperature 
growth ZnO" defined in this specification is a temperature 
lower about MOD ** than temperature with a crystal growth 
I for generally growing up a ZnO single crystal 1 of 20D 
to about bDD ** from 10D **i for example. "Growing 
temperature of a high temperature growth single crystal 
ZnO layer" is the growing temperature for which it was 
suitable when growing up a ZnO single crystal generally! 
and is a temperature lower than 6DD ** higher than the 
above-mentioned "growing temperature of the 
low-temperature growth ZnO" andi for example i is bSD **. 
EOD133IThe artificer performed examination about the 
electrode for p type ZnO semiconducting crystals first- 
EDDIM JUhen joining metal (electrode) and a semiconductor i 
the barrier height eVd seen from the semiconductor side 
is expressed with eVd = phi m-phi s- Here-, as for the 
diffusion potential of a semiconductor layer-, and phimi 
a metaled (electrode) work function and phis of Vd are the 
work functions of a semiconductor. 
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EDDlSJUhen a p-type semiconductor and metal are contacted! 
the conditions from which good ohmic junction is acquired 
are expressed with phim>phis (p)- 

lODlbUBy the way-i work function phi! of a p type ZnO 
semiconducting crystal Is (p) is as large as about b-25 
eV (when an intrinsic semiconductor is assumed)- If the 
doped quantity of a p type impurity is assumed to be ID 
ia crrr 3 i it will become about phis?-T eV of work functions- 
Theref orei as an ohmic electrode material for p type ZnO 
system single crystals! it is considered to be desirable 
also from a viewpoint of reducing the contact resistance 
between me t a 1 - s e m i c o n d u c t o r s to choose the comparatively 
large metal of a work function (phim). 

ID01731As an ohmic electrode material for p type ZnO system 
single crystals! specifically-i nickel (phim = S-lS)T 
germanium ( phim s 5 • □ ) -i Se (phim = 5 • 1 ) Since materials! 
such as Rh ( ph i m = - T fi ) -i Te ( phim = L * • TS) i Re ( p h i m = M - T b ) 
Ir (phim = £.27)i Pt ( ph i m = S • bS ) t Au ( p h i m = S - 1 ) -. C 
(phim = S-Q)T and Pd ( phi m = 5 • IE ) -i have the comparatively 
large work function! it is thought that it is desirable- 
[DDI AJUor k functions are within the limits from M-5 to b-D-i 
and the description as used herein "a work function is 
about S-0 eV" means preferably that work functions are 
within the limits from H • T to S-5i for example- 
[□□IT]! Accord ing to the theoretical consideration and the 
experimental result by an artificers especially the 
laminated structure of nickel (1st layer: metal which 
carries out direct contact to p type ZnO crystal)/Au 
(two-layer eye: metal deposited on the metal of the 1st 
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layer) is preferred. 

CODED 31 1 turned out that what heat-treated to the 
laminated structure of Rh/Aui Pt/Rhn Pd/Au-i Pt/Aui 
nickel/Rhi nickel/Pti nickel/Pdi nickel/Iri Ir/Aui Ir/Rhi 
and Ir/Pd other than the structure which heat-treated to 
the laminated structure of Ti/Au is promising. 
EDDEUBased on the above knowledge-) the semiconductor 
device which has the above electrode structures as an 
ohmic electrode to a p type ZnO system single crystal is 
explained below. 

EOOEEJThe semiconductor device by a 1st embodiment of this 
invention is explained with reference to drawings- 
CQ0E3]las an example of the growth device for growing up 
the ZnO system crystal structure which constitutes a 
semiconductor device to be drawing 1 - - radical sauce 
molecular beam epitaxy (RS-flBE) -- the structure of the 
crystal growth device (henceforth "a RS-MBE device") 
using law is shown • 

EOOEMlThe RS-MBE device A is provided with the following. 
The chamber 1 to which crystal growth is performed- 
Vacuum pump P which maintains the chamber 1 at an 
ultrahigh-vacuum state. 



CODES 3The chamber 
The port 11 for Zn 
The port El for Ga 
The 0 radical port 
The N radical port 



1 is provided wi 
for evaporating 
for evaporating 
31 for irradiat 
m for irradiat 



th the following. 
Zn . 
Ga • 

ing with 0 radical . 
ing with N radical . 
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CDDBblThe port 11 for Zn is provided with heatingi and 
Knudsen cell (Knudsen cell: call it K cell below.) 17 and 
shutter Si to evaporate while it accommodates the Zn 
(purity 7N) raw material 15- 

lEOOSTJThe port 21 for Ga the 0 radical port 31 provided 
with the K cell 27 heated and evaporated while 
accommodating Ga raw material ESi and shutter The 
oxygen gas which is material gas is introduced in an 
electrodeless discharge lampi and 0 radical generated 
using high frequency (13.5b MHz) is spouted in the MBE 
chamber 1. The orifice 33 and shutter S3 are provided to 
the beam of 0 radical. 

CD02 AIDThe N radical port Ml introduces the nitrogen gas 
which is material gas in an electrodeless discharge 1 a m p V 
and spouts N radical generated using high frequency (13.5b 
MHz) in the MBE chamber 1- Shutter Sm is provided to the 
beam of N radical. 

CQDETlThe structure of the radical ports 31 and m is the 
structure where the induction coil is wound around the 
outside of the discharge tube provided in the outside 
sealed tube • 

CQQ3D]IIn the chamber li the substrate holder 3 holding 
sapphire substrate S used as the ground of crystal growth 
and the heater 3a for heating the substrate holder 3 are 
formed . 

I0D31]IIt is indirectly measurable in the temperature of 
sapphire substrate S by the thermo couple 5 installed in 
the heater. The position of the substrate holder 3 is 
movable by the manipulator 7 which used bellows- 
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I00321IThe chamber 1 contains the cancer SI of a 
reflection-electron-diffraction device (RHEED device) 
established in order to monitor the grown-up crystal layeri 
and the screen 55 of a RHEED device- It can grow up using 
the cancer SI of a RHEED devicei and the screen SS of a 
RHEED devicei monitoring the situation (an amount of 
growthi the^quality of the grown-up crystal layer) of the 
crystal growth within the MBE device A- 

I0033]IThe temperature of crystal growths the thickness of 
a crystal growth filmn the degree of vacuum in a chamberi 
etc- are suitably controlled by the control device C- 
CDD3mBelowi the process of growing up ZnO on sapphire 
substrate S is explained in detail- 

!EDQ3S]lCr y s t a 1 growth is performed by opening and closing 
from shutter Si to S m suitably by RS-flBE technique- 
C0D3b])RF-nBE technique using RF as a method of generating 
radical sauce is used- 0 radical is generated by 
introducing Oa which is material gas in an e 1 e c t r o de 1 e s s 
discharge lamp using 13-Sb-IIHz high frequency. By making 
0 radical blow off in the PI BE chamber 1 of a high vacuum 
statei it becomes 0 radical beam- A ZnO thin film is grown 
up by irradiating with 0 radical beam and Zn beam from K 
cell simultaneously on sapphire substrate S- 
IEDD37]I Drawinq 5 is a sectional view showing the structure 
of the semiconductor device by this embodiment > 
C003fl]|The process for forming in below the semiconductor 
device shown in drawing 3 is explained. 

EDD3T]11) Surface treatment: (0001 ) Wet etching of the 
sapphire substrate S surface which has a field was carried 
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out for bO minutes in the solution of HbPOm : HsS0m=1 : 3 heated 
at 11D ** - 

COOMOJAf ter performing the above-mentioned surface 
treatment-i the substrate holder 3 ( drawing 1 ) was equipped 
with sapphire substrate S. 

EOOMUThe substrate temperature of bOO ** and the flow of 
oxygen were set to Esccm-i RF power was set in the HBE device 
under the conditions of ISOUi and the surface treatment 
by oxygen plasma was performed for 1 hour. The sapphire 
substrate S surface is defecated by processing the surface 
of sapphire substrate S in an P1BE device • 
C004212) Low- temper at ure growth ZnO buffer layer growth: 
The buffer layer 101 is first grown up after the 
above-mentioned substrate surface treatment- Unlike the 
growing condition of the usual single crystal ZnO boardi 
growth under low temperature and Zn Rich's conditions is 
performed ( 1 ow- temper at ure growth ZnO layer). The beam 
amount of Zn is 4-0x10 " 7 Torr- 

IQ0433RF plasma source of 0 is used as a supply source of 
an oxygen beam. Pure oxygen (purity bN) gas is introduced 
into the 0 radical port Eli and it becomes radical using 
a high frequency oscillation source. 

COOMMllIn flow 2-Osccmi SxlO " s Torr and the RF.power of the 
flow of oxygen which is gas sauce are 300W as a partial 
pressure of oxygen in a chamber- Growing temperature was 
performed at 500 **- It is preferred to perform growth 
among 200 to bOO **- 

COOMSDThe thickness of the ZnO buffer layer 101 was 10 nm. 
The range of thickness of 10 to 100 nm is preferred- 
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EDO 1 * bJHer e n the value of the above-mentioned pressure 
shows the indicated value of the nude ion gage attached 
to the substrate holder position (growth position). 
C □ 0 4 7 3 3 ) Flattening processing: After growing up the 
low- temper at ure growth ZnO buffer layer lOli flattening 
processing of the surface of the ZnO buffer layer 1D1 was 
performed- Heat treatment for ID minutes was performed in 
an elevated temperature into which a single crystal is 
grown up as flattening processing! for examplei bDD **. 
Heat treating time is chosen from the time for bD minutes 
after for 5 minutes- 

C0Q4fl]IThe low- temperature growth ZnO buffer layer 101 
which finished growth with low growing temperature is a 
single crystal which has a grain boundary-. and is 
considered to grow epitaxially so that the anisotropy with 
each same grain may be shown- It mainly originates in the 
grain boundary between the grains and unevenness is 
observed. It is thought that the single crystal of each 
grain carries out solid phase growthi a grain size is 
enlarged! and flattening of the surface is carried out by 
performing the above-mentioned heat treatment to the 
low-temperature growth ZnO buffer layer 1D1- 
CDDMTJSince the original surface unevenness is small 
compared with the case where it is made to grow up on 
condition of oxygen Rich when it is made to grow up 
especially on condition of Zn Richi the flat surface 
outstanding by flattening processing is easy to be 
obtained- If a ZnO layer is grown up at an elevated 
temperature on the 1 ow- temper at ure growth ZnO buffer 
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layer which has the outstanding planar surfacei a good 
crystalline single crystal ZnO layer will be easy to be 
obtained- 

IDQSOlIn the state where it has grown up (as-grown)n since 
a grain size is small and a grain boundary is observed-i 
the low- tempera ture growth ZnO buffer layer 101 looks also 
like polycrystal by observation 

( AtomicForcel1icrosco py:AFf1) . Howeveri when analysis by 
the X diffraction or the RHEED method is conducted^ the 
characteristic of a single crystal is shown. 
CDDSlIThis phenomenon is observed in growth by GaN or ZnO- 
By carrying out high temperature heat treatment of the 
low- temper at ure growth ZnO buffer layer 101 1 it grows up 
like the case where unevenness resulting from a grain 
boundary etc- is solid phase growthi and it is thought that 
the surface carries out flattening- Even if it is going 
to grow up the single crystal ZnO on the ZnO surface which 
is not f lati the crystallinity does not become good on 
experience - 

1 0 0 5 2 3 4 ) Growth of a undoped ZnO single crystal layer: It 
ranked second and- the single crystal 

(high-temperature-growth ZnO single crystal layer) 103 of 
undoped ZnO was grown up on the 1 ow- temper at ure growth ZnO 
buffer layer 101 which carried out flattening- Thickness 
is 1 micrometer. 

C00S33AS a growing condition! substrate temperature is 
L.00 **. The temperature of K cell is 350 **. The vapor rate 
of Zn in this case is 1 - b A/second. 

EDOSMHThe flow of oxygen is 2-Osccm- In this casei the 
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partial pressure of oxygen is SxlD " s Torr. RF power is 3D0U- 
CDDSSlAs a growing condition of the 

high-temperature-growth ZnO single crystal layer 1D3t it 
is the temperature between fe>0D to ADD **-, and about 1 
micrometer grows. 

CDDSbJ A f t er forming the 1 ow- temper at ure growth ZnO buffer 
layer 101 and performing flattening processing of the 
surface! the c r y s t a 1 1 i n i t y of the undoped ZnO single 
crystal layer 1D3 improved by growing up the ZnO single 
crystal layer 103 of high- temperature-growth undoping 
with high growing temperature on it. 

EOOSTJUhen many crystal defects are introduced during a 
ZnO crystal n type strong conductivity is shown also in 
the state where an impurity is not introduced. The 
high-temperature-growth undoped ZnO single crystal layer 
103 grown-up using the above-mentioned crystal growth 
method has dramatically few crystal defects- In the ZnO 
single crystal grown-up with the conventional crystal 
growth methods it also becomes possible to realize ZnO 
which shows the p type difficult conductivity. Since a 
crystal defect which forms a nonluminescen t center is 
reduced substantially! it is thought that luminous 
efficiency also became very high. 

CDDSfiJS ) Growth of a p type ZnO single crystal layer: Next! 
the p type ZnO single crystal layer 1D7 was grown up. 
CQDSTlThe growing condition of the p type ZnO single 
crystal layer 107 is the same as the growing condition of 
the above-mentioned undoped ZnO single crystal layer ID 3 
almost . 
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EDDbDHHowe ver ! crystal growth was performed at SSD **- As 
growing temperature! the range of SDD to 7DD ** is 
preferred. 

EDDblHIn addition to Ga which is usually a dopant for n 
type ZnOi N was used as a dopant- K cell temperature of 
Ga is bOO **• In ZnO crystal growth! N plasma was 
introduced in the chamber and N was doped- The flows of 
Ne gas at the time of generating N plasma are 0-lsccm and 
RF power 300U- Thickness is 1 micrometer. 
COObEUE va 1 uat ion by hole measurement was performed about 
the grown-up p type ZnO single crystal 1D7- It was checked 
that p type conductivity is actually shown- Resistivity 
is l-7fl-ohmcm- P type impurity concentration is 5 • 4 7 x 1 □ 
17 cm" 3 - 

CDDb33By optimizing crystal growth conditions! it is 
expected that the p type ZnO single crystal layer of the 
impurity concentration of higher impurity concentration! 
for examplen a ID lc, cm~ 3 grade! is obtained- 
CDDb 4 3L. ) Formation of an ohmic electrode : rank second and 
explain the process of forming an electrode on the p type 
ZnO single crystal layer 107- 

CODbSHF i r s t -i after growing up to the pZnO single crystal 
layer 1D7-. sapphire substrate S is taken out from the (1 B E 
chamber 1 ( drawing 1 ) - After forming the mask pattern for 
vacuum evaporation! sapphire substrate S is attached in 
an evaporation apparatus- 

CDDbblln an evaporation apparatus! nickel is 
vapor-deposited by a thickness of 70 A as the 1st metal 
layer IQfla on a p type ZnO single crystal- Subsequently! 
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3500 A of Au(s) are formed as the End metal layer IDflb. Two 
or more nickel / Au electrodes IDA are formed in the 
position which left only prescribed distance- 
ED0b7]IThe substrate with which nickel / Au electrode 10 A 
was formed was taken out from the inside of an evaporation 
apparatusi and the substrate was heat-treated with lamp 
heating in a nitrogen atmosphere- Cooking temperature is 
SDD ** and cooking time is ED seconds- 

EDObAJIt is also possible to use an independent materiali 
for example-i Aui as the above-mentioned electrode 
material - 

CDObTJWhen heat-treating i heating conditions can be 
performed in EDO to bOD **- The range of 3D0 to SDD ** is 
preferred- It is desirable to perform heat treatment under 
the atmosphere of inactive gas-i such as nitrogen (N 2 ) and 
argon ( Ar ) • 

CDD7D]ISince ZnO is used as the crystalline materiali it 
is also possible to heat-treat under It such as inside of 
the atmosphere and the bottom of oxygen gas atmospheren 1 
existence of oxygen gas- If it heat-treats under existence 
of oxygen gasi dissociation of oxygen from a ZnO crystal 
can be prevented. 

lC0071]IThe cooking time in the case of heat-treating is 
from 1 second before ID minutes- It is preferred for 1 
second to 3 minutes that it is less than 1 minute 
preferably practical - 

CDD7S]IThe result of having evaluated the electrical 
property of nickel / Au electrode IDA formed on the p type 
ZnO crystal layer 1D7 formed in drawing 3 of the 
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above-mentioned process using the measuring instrument 
IDT ( drawing B ) is shown. 

ED073]IThe sizes of a sapphire substrate are 10 mm x about 
IE mm- On this sapphire substratei two or more nickel / 
Au electrodes IDS ( drawing 3 ) which aligned in the 
lengthwise direction and the transverse direction in a 
S-mm pitch were formed- 

C007 l 4]IThe size of each electrode is phiO-lmm- 
Inter-electrode current/voltage characteristics were 
evaluated among these electrodes using the electrode of 
a couple- Drawing 3 shows the current/voltage 
characteristics acquired at this time- The ohmic 
characteristic almost linear as a result was obtained- 
CDQ7S3The value of the contact resistance surveyed at this 
time is an abbreviation 3-3komega grade- The called-f or 
contact resistivity is abbreviation IxlD - 2 omegacm 2 - 
CDD7b]lAs mentioned above-i if p type impurity 
concentration is made high by optimizing the growing 
condition of the p type ZnO single crystal layer 107i the 
sheet resistance of the p type ZnO single crystal layer 
ID? will become still lower- In addition! the contact 
resistance between the p type ZnO single crystal layer 107n 
and the nickel/Au electrode IDA is reduced further. 
tDD773In the semiconductor device by a 1st embodiment of 
above-mentioned this invention! although the two-layer 
laminated structure of nickel/Au was used as an ohmic 
electrode for p type ZnO single crystals^ By heat 
treatment after electrode formation! the electrode 
structure of nickel/Au may form the alloy film of **** onei 
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and the laminated structure may be maintained. With the 
alloy film which harmonized completely! it may react to 
a p type ZnO system single crystal or the controlled 
atmosphere at the time of heat treatment-! and the alloy 
film which contains a part of these in a component may be 
included. For examplei a laminated structure is contained 
by a certain factor (for example-i thermal energy added at 
the time of heat treatment)! homogeneous diffusion or also 
when it carries out counter diffusion and the order nature 
as a laminated structure is lost- 

E0D7AJAS mentioned above as an ohmic electrode material 
on a p type ZnO single crystali Rh/Aui Pt/Rhi Pd/Au-, Pt/Au-i 
nickel/Rh-, nickel/Pt-. nickel/Pd-, nickel/Iri Ir/Au-, Ir/Rh-, 
the thing that heat-treated to the laminated structure of 
Ir/Pd-i etc. can be used- 

CDD7T]lThe metallic material listed into the electrode 
material of the 1st above-mentioned field at the next can 
also be doped- For examplen B which is an III fellows 
compound and V fellows compound-i aluminum-i Gai Inn Y -i Pi 
Asi Sbi Bi-» Vi Nbi Ta-i etc. are mentioned. 
CDDflDHThe structure using the above electrodes shall also 
go into the range of this invention. 

COD AUAg and aluminum can also be used as a metallic 
material with high reflectance- 

(EDDflSH A s f or the ohmic electrode for p type ZnO system 
single crystals! electrodesn such as nickel/Aui should 
just touch on a p type ZnO system single crystal layers 
for example. 

CD0A3]IThe gestalt of an ohmic electrode may have which 
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gestalterM such as stratified! island shapei and an alloyi 
for example- In particular! after heat treatments the 
ohmic electrode is island shape and a gestalt like an alloy 
in many cases- Actually i it becomes difficult to define 
the thickness of each electrode material itself correctly. 
CDDflmiUhen mass production nature etc. are taken into 
consideration! it is a case where the most suitable 
process condition vapor-deposited about 500A of nickel 
within the limits of the experiment which the artificer 
conducted! v a p o r - d e po s i t e d about 3DDDA of Au(s) after 
that i and it heat-treats after that- 

ASHThe heat treatment front stirrup can also use the 
structure which forms metallic materials-i such as Aui via 
metallic materials t such as Ti or Ui as a metallic material 
for bonding pads after heat treatment if needed. 
COD AbJUhen the above-mentioned metallic material (Ti/Au 
or U/Au) is deposited before heat treatment-, it is also 
considered that the metallic material and ohmic electrode 
material for bonding pads are spread mutually! and form 
a still more complicated alloy by heat treatment performed 
af ter that . 

CDDfl7]IIn this specification! the material (for example-i 
nickel in the above-mentioned embodiment) which touches 
a p type ZnO system single crystal is called the 1st metal 
layer! and the metallic material formed on it is called 
the 5nd metal layer. 

CDDflaniThe metallic material which constitutes it is 
carrying out direct contact of the 1st metal layer to the 
p type ZnO system single crystal layer. Therefore! when 
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forming an ohmic electrodei the 1st metal layer plays the 
role most important for the ohmic characteristic etc- 
[QOfiTDHowe ver i the metallic material of the 1st layer is 
not actually restricted to what has a stratified gestalt 
as mentioned above. For example-* when vapor-depositing 
the metallic material of the 1st layer in a vacuum 
evaporation in a planei and the thickness planned is thini 
a metallic material does not necessarily accumulate in 
layers over the whole surface on the surface of ZnO. Ratheri 
a metallic material is formed in the shape of an island 
in many cases . 

COOTOH A thin thing is important for the thickness of the 
metallic material of a first pass eye-i and it contacted 
the big metallic material of a work function! and the p 
type-ZnO layer of high hole carrier density i and is 
presumed to be that in which ohmic contact is formed by 
the work like a tunnel. 

(CODTlHIn using a thin metallic material as the 1st metal 
layeri the End metal layer that had a certain amount of / 
thickness on the 1st metal layer practically is needed. 
The influence which it has on the ohmic characteristic 
does not have a large metallic material which forms the 
2nd metal layer compared with the metallic material which 
forms the 1st metal layer. However! it is preferred to use 
an above-mentioned metallic material in practice- 
EOCnaJThe method of depositing the alloys (nickel-Au 
alloy etc-) of the metallic material which forms the 1st 
above-mentioned metal layer on a p type ZnO single crystali 
and the metallic material which forms the 2nd 
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above-mentioned metal layer! for example by sputtering 
process is also effective- 

[□□T3]IIn the above-mentioned examplen the p type ZnO 
system single crystal was formed by the method of Ga and 
N which carries out a ** dope while growing up the ZnO 
system single crystal- 

[DD^lIn addition! the p type ZnO system single crystal 
which has the characteristic almost equivalent to a p type 
ZnO single crystal can be formed using the method 
explained below- 

EOmSllThe crystal growth device used for growth of a p type 
ZnO system single crystal is the same device as an above 
RS-UBE device ( drawing 1 ) ■ Howeveri Te is put instead of 
Ga in the port 21 for Ga in drawing 1 ■ The purity of Te 
is bN- A RS-flBE device is provided with the K cell 27 and 
shutter S2 which carry out heating evaporation of the Te 
while it accommodates raw material Te (25)- It can grow 
up using the RHEED cancer SI and the RHEED screen SS which 
were attached in the MBE device-i monitoring the situation 
(an amount of growth T the quality of the grown-up crystal 
layer) of the crystal growth within the HBE device A- 
CDDTblThe temperature of crystal growthi the thickness of 
a crystal growth filmn the degree of vacuum in a chamber^ 
etc- are suitably controlled by the control device C- 
IQDT7]IBelow t the process of growing up a p type ZnO system 
single crystal layer on a ZnO board is explained- 
lOmflJ A 1 1 crystal growth is performed by an MBE technique. 
COOnJThe beam amount of Zn is 1-DxlD -^Torr-i and the beam 
amount of Te is S-DxlQ " 7 Torr- 
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ED1D01RF 'plasma source of 0 is used as a supply source of 
an oxygen beam- Pure oxygen (purity bN) gas is introduced 
into the 0 radical port 31i and it becomes radical using 
a high frequency oscillation source. 

C01D1JRF plasma source of N is used as a supply source of 
a nitrogen beam- Pure nitrogen (purity bN) gas is 
introduced into the N radical port HI i and it becomes 
radical using a high frequency oscillation source. 
EDlOEJOxy gen (flow 2sccm) is C SxlO " s Torr and nitrogen 
(flow D-D3sccm) of the pressure in the port 31 and Ml of 
oxygen which is gas saucei and nitrogen 1 ExlD " b Torr (s) 
respectively- Growing temperature is bDD **• 
E0103]IHer e n the value of the above-mentioned pressure 
shows the indicated value of the nude ion gage attached 
to the substrate holder position (growth position). 
[DIDMIAI though the unit of seem was used as a flow of the 
above-mentioned gas sauce-i this shows the flow in ES ** 
and 1 atmosphere as everyone knows- 

1ED1D5 J Dr awi na H shows two kinds of growing processes ((a) 
and (b)) for growing up a ZnO crystal by the 
opening-and-closing sequence of shutter Si to Sm- 
IDlDbJ Drawing M (a) shows the 1st growing process of two 
kinds of growing processes. To time tn shutter Si of Zn 
and shutter S3 of 0 are opened. Elemental Zn and 0 element 
come flying on the substrate 1QD surfacei and a ZnO crystal 
layer grows- A ZnO crystal grows per molecular layer by 
controlling growing parameters*! such as Zn amount of 
supply and 0 amount of supply. 

C01Q7]10ne molecular layer means the crystal unit which 
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comprises one atomic layer of Zn-i and one atomic layer of 
0 on these specifications. Shutter Si and S3 are opened 
until the crystal of ten molecular layers grows- 
1010 AUShut ter S3 of 0 is closed in time ta-. and only Zn is 
supplied before time t3- The end face of Zn is formed in 
the undoped ZnO layer 101a outermost surface as a result 
of Zn supply- Since it is desorbed from superfluous Zni 
all the shutters are closed from t3 before tM- In time tn 
shutter S2 of Te and shutter Sm of N are made openi and Te 
and N are supplied on the end face of Zn- When Zn end facen 
Tei and N join together! one molecular layer of ZnTe layers 
by which N was doped grow- 

EDlDTlin addition the RHEED pattern of a ZnTe layer is 
(2x1) in time t h - - Te - - a rich state is shown- 
ED11DJA11 the shutters are closed from ts before tb-« it 
****s and an excessive atom is exhausted- Theni shutter 
Si of Zn is opened again and the end face of ZnTe is 
corrected- The surface which is Te Rich is changed into 
Zn Rich's surface. This makes surface morphology and a 
polar improvement. 

COlliniNex t shutter Ss of 0 is made open (t?) and ZnO is 
grown up again- This state is equivalent to the state of 
time ti- The above process is repeated 3D times- 
lEQllEUBy passing through the above process-, a p type ZnO 
system single crystal can be grown up- 

ID1133The second growing process is shown in drawing ( b ) - 
The outline of a growing process is shown below- 
CDimilShut t er Si of Zn is opened and it changes into the 
state where elemental Zn were continuously supplied on the 
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substrate- Shutter S3 of 0 is opened by time t2i 0 element 
is supplied and ZnO by which impurity doping is not carried 
out positively is grown up. 

CDllSlSubsequent 1 y -1 after closing shutter S3 of 0 by time 
t2 and suspending supply of 0 element-i shutter Ss of Te and 
shutter Sm of N are opened by time tm and the ZnTe layer 
which supplies Te element and N element and by which N was 
doped is grown up- 

CQllbHShut ter S3 and Sm are closed from time ts before tti 
and the end face of ZnTe is corrected- 

CD117]lNex 1 1 shutter S3 of 0 is made open (t?) and ZnO is 
grown up again- This state is equivalent to the state of 
time ti- The above process is repeated 3D times- 
COllflJIn forming the ZnO buffer layer IDli after supplying 
Zn and 0 on the substrate 1D0 beforehand and growing up 
the ZnO layer of desired thicknessn the above-mentioned 
process is performed. 

EOiniAs for the p type ZnO system single crystal layer 
formed after passing through either of the above two 
processes! ZnTe is laminated for ZnO at a rate of one 
molecular layer to ten molecular layers- The band gap of 
the laminated superlattice layers is almost the same as 
ZnO- ZnTe shows p type conductivity with doping N as an 
impurity. The impurity diffusion of N from the ZnTe layer 
of N dope and movement of a hole are produced over ten 
molecular layer among ZnO layers • 

C012D]IThus i grown-up ZnO/ZnTe superlattice layers show 
the character as a p type conductive layer as a whole- 
CD1213The thickness of ZnTe was limited to one molecular 
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layer. It is the thickness below critical thickness and 
distortion generated in a growth phase can be suppressed 
small. Surface morphology of a growth phase can be made 
good - 

EDlES3If the flow of N to ZnTe is set to O-DS or less ccm 
on the above-mentioned growing condition! the doping 
quantity of N to the inside of ZnTe will be stopped below 
at 1x10 2D cm- 3 . 

CDlE33Pref erably i N concentration doped by ZnO by 
diffusion etc. is stopped lower than the doping 
concentration of N doped by ZnTe- 

CD12miThe diode which has p-n junction can be created 
using the production technology of the above-mentioned p 
type ZnO system single crystal layer-i and the formation 
art of an ohmic electrode over a p type system ZnO single 
crystal . 

CDlSSlIn order to form the diode which has p-n junction 
using a ZnO system single crystals While from the 
above-mentioned process 1 to the process bi the process 
of forming a n type ZnO single crystal layer between the 
process of growing up the high-temperature-growth 
non-doped ZnO single crystal layer of the process Hi and 
the process of forming the p type ZnO single crystal layer 
of S is performed. A n type ZnO single crystal may be grown 
up instead of a hi gh- temperature-growth non-doped ZnO 
single crystal layer. Ga used as a dopant of a n type 
impurity during growth of a ZnO single crystal using the 
Ga port SI is doped- 

CD12t3The formed n type ZnO single crystal layer is 1 
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micrometer in thickness- The doped quantity of Ga is 1x10 
lfl cm-3. 

CDlE7]IOn a n type ZnO single crystal layern a p type ZnO 
single crystal layer is formed. 

lEDlEflU After the end of crystal growthi by the liquid phase 
etching method or a gas-phase-etching method-, a p type ZnO 
single crystal layer is etched-, and the surface of a n type 
ZnO single crystal layer is exposed. 

lOlSTHOn the surface of the exposed n type ZnO single 
crystal layeri materials-, such as aluminumi are usedi for 
example and the 1st electrode is formed. 

C013DllBy the above-mentioned process of b -. and the same 
process-, the 2nd electrode is formed using materials-i such 
as nickel/Au-. for example after that- 

CD13130f the above-mentioned process n the p-n junction 
diode using a ZnO single crystal is formed. 
CD132]IIn the above-mentioned structure^ if the voltage of 
plus is impressed to the 5nd electrode to the 1st electrode-, 
forward current will flow into p-n junction. The minority 
carrier (electron) poured in into the p type ZnO single 
crystal layer and the majority carrier (electron hole) in 
a p type ZnO single crystal layer carry out radiation 
recombination. The light which has energy almost equal to 
the energy gap of a forbidden band in the case of the 
recombination of an electron and an electron hole occurs. 
That is-, electric energy is transformed into luminous 
energy . 

(CD133]IAn OPTO semiconductor device is made using the 
above-mentioned p-n junction diode structure- 
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C0134]]The semiconductor device (OPTO semiconductor 
device) by a 2nd embodiment of this invention is explained 
ID13S]IThe section structure of LED ( LiohtEmittingDiode ) 
which used the p-n junction of a p type ZnO single crystal 
layer and a n type ZnO single* crystal layer is shown in 
drawing 5- 

CD13b]IThe non-doped low-temperature growth ZnO buffer 
layer 3DS with a thickness of ID nm by which 
low-temperature growth of the LED shown in drawing 5 was 
carried out on it with the sapphire substrate 3D1-I The 
1-micrometer-thick high-temperature-growth non-doped 
ZnO single crystal layer 307 grown-up on iti The p type 
above-mentioned ZnO system single crystal layer 31S which 
carried out the ** dope of the 1-micrometer-thick n type 
(Ga dope: 1x10 lfl cm" 3 ) h i g h- t e mp e r a t u r e - g r o w t h ZnO single 
crystal layer 311 grown-up on iti and IDO-nm-thick N and 
Ga which were formed on it is included. 

[D13?llt is in contact with the n type ZnO single crystal 
layer 311 with the 1st electrode 321 that consists of 
aluminum- 

IDlBAlIn order to form a n type ZnO layer-i other three 
group elements! such as aluminumi may be doped instead of 
Ga . 

CDlSTJThe p type ZnO system single crystal layer 315 
formed by the ** dope ( N Ga) is processed into island 
shape - 

[□mOJThe p type ZnO single crystal layer 315 processed 
into island shape is covered with the insulator layer 31A 
which consists of SiaNq-i for example- The opening of an 
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approximate circle form penetrates the insulator layer 
31A in the upper surface of the p type ZnO single crystal 
layer 315n and is formed in i t -i for example- 
EDimiOn the upper surface periphery of the p type ZnO 
single crystal layer 315i the End electrode 325 (the 1st 
metal layer 325a (nickel) and the 2nd metal layer 325b 
(Au) ) of ring shape is formed- In at least a part of the 
under surf ace -i the 2nd electrode of ring shape contacts the 
periphery of the upper surface of p type ZnO layer 315- 
The portion of the method of the outside of a diameter 
direction of the 2nd electrode 235 of ring shape has 
structure which ran aground on the insulator layer 31fl. 
CDmSJIn the above-mentioned structure-i if the voltage of 
plus is impressed to the 2nd electrode 325 (32San 325b) 
to the 1st electrode 321i forward current will flow into 
p-n junction- The minority carrier (electron) poured in 
into the p type ZnO single crystal layer 315 and the 
majority carrier (electron hole) in the p type ZnO single 
crystal layer 315 carry out luminescent recombination. 
The light which has energy equal to the energy gap of the 
forbidden band of ZnO in the case of the recombination of 
an electron and an electron hole is emitted from the 
opening 327- The wavelength of emitted light is about 370 
nm - 

EDm3] Drauing b is a sectional view showing the 1st 
modification of the semiconductor device by a 2nd 
embodiment of this invention- 
IE 0 1 4 4 IJLl^lLqs b (a) is a sectional view showing the 

structure of LED ( LightEmittinoDiode ) containing the p-n 
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junction diode using ZnO of Ga dope as an n-type 

semiconductor using the superlattice which consists of 

ZnTe of a ZnO/N dope as a p-type semiconductor- 

lOmSJ Drawing b (b ) is a sectional view showing the 

superstructure which consists of ZnO/ZnTe. 

CDmtilLED is provided with the following as shown in 

drawing b ( a ) . 

Sapphire substrate 301. 

The non-doped ZnO buffer layer 3DS with a thickness of ID 
nm by which 1 ow- temper a ture growth was carried out on it- 
The 1-micrometer-thick high-temperature-growth 

non-doped ZnO single crystal layer 307 grown-up on it- 
Superlattice layers 31b (about 10 □ nm as total thickness) 
by which ZnO of 3D layers which grew on it and was formed 
on it with 1-micrometer-thick n type (Ga dope: 1x10 lfl crrr 3 ) 
ZnO layer 311n and ZnTe (N) were laminated by turns- 



CD1H71AS shown in drawing b ( b ) i superlattice layers are 
used as a p type ZnO system single crystal layer instead 
of the ** doped p type ZnO single crystal 31S ( drawing 5 ) - 
The superlattice layers 31b of a undoped ZnO layer and the 
ZnTe layer of N dope are used on n type ZnO layer 311- 
EDmflHthe superlattice layers 31b -- ZnO layers 331a and 
331b and --. it is formed by the crosswise lamination of 
331z and the ZnTe layers 333ai 333b^ ---i 333z- ZnO layers 
331a and 331b and ... each of 331Z is ten molecular layersi 
for example -- the ZnTe layers 333a and 333b and ... each 
of 333z is one molecular layer-t for example. 
EOmTJThe total thickness of the superlattice layers 31b 
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is about 1D0 nuii for example- ZnTe is laminated for ZnO 
at a rate of one molecular layer to ten molecular layers- 
The band gap of the laminated superlattice layers is 
almost the same as ZnO- ZnTe shows p type conductivity with 
doping N as an impurity- The impurity diffusion of N and 
movement of a hole arise from the ZnTe layer of N dope over 
ZnO layer ID molecular layer to a ZnO layer. 
EDlSDlOn the ZnO/ZnTe superlattice layers which show p 
type conduc t i v i ty -i by the same method as the ohmic 
electrode for p type ZnO single crystals by a 1st 
embodiment of the above- For e x a m p 1 e i ohmic junction can 
be acquired to p type ZnO/ZnTe superlattice layers by 
forming the electrode which consists of nickel/Au- 
CQlSllIt is in contact with n type ZnO layer 311 ( drawing 
b_(a)) with the 1st electrode 321 (aluminum) • 
CDlS21IIn order to form a n type ZnO layer-i other three 
group elements! such as aluminum-i may be doped instead of 
G a - 

C01S3]IThe superlattice layers 31b are processed into 
island shape- The lateral part is covered with the 
insulator layer 31A in which the superlattice layers 31b 
processed into island shape consist of SiN(s) i for example. 
The opening of an approximate circle form is formed in the 
upper surface of the superlattice layers 31b among the 
insulator layers 31fli for example- Coating protection of 
the side is carried out with the insulator layer 31A at 
least among the superlattice layers 31b processed into 
island shape. 

CDlSmiFor examplei it has an openingi the End electrode 
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325 <32Sa-i 325b) of ring shape is formed in the periphery 
of the superlattice layers 31b- As for the End electrode 
of ring shapes the undersurface by the side of the inner 
circumference contacts the periphery of the upper surface 
of the superlattice layers 31b- The peripheral part has 
structure which ran aground on the insulator layer 31fl 
among the 2nd electrode • 

COlSSlIn the above-mentioned structure! if the voltage of 
plus is impressed to the 2nd electrode 325 to the 1st 
electrode 321i forward current will flow into p-n junction- 
The minority carrier (electron) poured in into the p type 
superlattice layers 31b and the majority carrier 
(electron hole) in the p type superlattice layers 31b 
carry out radiation recombination. The light which has 
energy almost equal to the energy gap of a forbidden band 
in the case of the recombination of an electron and an 
electron hole emits from said opening- That isi electric 
energy is transformed into luminous energy. 
CDlSblThe 2nd modification of the semiconductor device 
(LED) by a 2nd embodiment is shown in drawing 7 ■ 
CD15?]IThe non-doped 1 ow- temperature growth ZnO buffer 
layer M05 with a thickness of ID nm by which 
low-temperature growth of the LED shown in drawing 7 was 
carried out on it with the sapphire substrate MOli The 
1-micrometer-thick high-temperature-growth non-doped 
ZnO single crystal layer M 0 7 grown-up on iti The p type 
ZnO system single crystal layer m5 which carried out the 
** dope of the 1-micrometer-thick n type (Ga dope: 1x10 
lfl cnr 3 ) hi gh- temper at ure-growth ZnO single crystal layer 
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411 grown-up on iti and lOD-nm-thick N and Ga which were 
formed on it is included- 

CDlSflllt is in contact with the n type ZnO single crystal 
layer Mil with the 1st electrode 451 that consists of 
aluminum . 

COlSTJIn order to form a n type ZnO layeri other three 
group elements -i ' such as aluminumi may be doped instead of 
Ga . 

EdlbDJThe* p type ZnO system single crystal layer 415 
formed by the ** dope ( N Ga) is processed into island 
shape . 

CDlbllThe p type ZnO system single crystal layer 415 
processed into island shape is covered with the insulator 
layer 41fl which consists of SIbNmt for example- The opening 
of an approximate circle form penetrates the insulator 
layer 41A in the upper surface of the p type ZnO single 
crystal layer 41Si and is formed in iti for example- 
CDlbEJOn the surface of the p type ZnO system single 
crystal layer 41S-. the End electrode 4E5 (the 1st metal 
layer- 425a-i for example-i nickeli and the End metal layer 
4ESbi for examplei Au) is formed- In at least a part of 
the under surf ace i the End electrode 4E5 contacts the 
surface of the p type ZnO system single crystal layer 415- 
The portion of the method of the outside of a diameter 
direction of the End electrode 4S5 (4S5a^ 4E5b) formed in 
ring shape has structure which ran aground on the 
insulator layer 41fl- The End electrode 4S5 (4S5a-. 425b) 
has the electrode structure of nickel/Aui for example- 
CDlb330n the End electrode 4S5 (4E5a-i 4E5b)i the reflector 
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4 2 7 is formed so that the opening currently formed in the 
2nd electrode 425 (425ai 425b) of the above may also be 
covered- The reflector 427 is formedi for example with the 
metallic material with high reflectance like aluminum or 
Ag . 

CDlbmin the above-mentioned structure! if the voltage of 
plus is impressed to the 2nd electrode 425 ( 425a-. 425b) 
to the 1st electrode 421i forward current will flow into 
p-n junction. The minority carrier (electron) poured in 
into the p type ZnO system single crystal layer 415 and 
the majority carrier (electron hole) in the p type ZnO 
system single crystal layer 415 carry out luminescent 
recombination- The light which has energy almost equal to 
the energy gap of a forbidden band in the case of the 
recombination of an electron and an electron hole occurs. 
That isi electric energy is transformed into luminous 
energy . 

IDlbSHThe generated light penetrates the sapphire 
substrate 401- It is reflected by the reflector 427 and 
the sapphire substrate 401 and the light emitted to a 
reverse side penetrate the sapphire substrate 401 
eventually. The wavelength of the light which penetrates 
the sapphire substrate 401 is about 370 nm- 
EOlbbJThe 3rd modification of the semiconductor device 
(LED) by a 2nd embodiment of the above is shown in drawing 

a- 

iaib7])LED shown in drawing A is LED of a flip chip type. 
COlbfllLED of this flip chip type has the structure of LED 
shown in drawing S i and the same structure- 
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COlbTJThe non-doped low-temperature growth ZnO buffer 
layer 3DS with a thickness of ID nm by which 
low- temperature growth was carried out more on it with the 
sapphire substrate 301 at detailsi The 1 -micrometer-thick 
high-temperature-growth non-doped ZnO single crystal 
layer 3D? grown-up on iti The above-mentioned p type ZnO 
system single crystal layer 31S which carried out the ** 
dope of the 1-micrometer-thick n type (Ga dope: IxlD lfl cm* 3 ) 
high- temperature-growth ZnO single crystal layer 311 
grown-up on iti and IDD-nm-thick N and Ga which were formed 
on it is included. 

COlTDJIt is in contact with the n type ZnO single crystal 
layer 311 with the 1st electrode 321 that consists of 
aluminum- 

EDlTUThe p type ZnO system single crystal layer 31S 
formed by the ** dope (Ni Ga) is processed into island 
shape. 

ID17530n the partial area of the p type ZnO system single 
crystal layer 315-. the 2nd electrode 325 ( 325a-, 325b) is 
formed. The 2nd electrode 32S (325a-. 325b) has the 
electrode structure of nickel/Au-i for example. The 
reflector 331 which consists of a metallic material with 
high reflectance! such as aluminum and Ag-» for example is 
formed in the rear face of the sapphire substrate 3D1- 
CD173]lThe rear face (side in which the reflector 331 is 
formed) of the sapphire substrate 3D1 of LED which has the 
above-mentioned structure is turned upi and it carries on 
the glass substrate 3M1 currently prepared separately. 
C017M]lThe 1st and 2nd circuit patterns 3HSa and 3M5b 
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formed in the predetermined field on the glass substrate 
341i for example of Ti/Au are formed more in details- 
CD17S]lThe 1st circuit pattern 345a is electrically 
connected with the 1st electrode 311 via the vamp 347- 
CD17b]IThe 2nd circuit pattern 345b is directly 
electrically connected with the End electrode 325 ( 325a-i 
325b) - 

CD177]IIn the above-mentioned structure! if voltage is 
impressed between the 1st and 2nd circuit patterns 345a 
and 345b so that the voltage of plus may be impressed to 
the 2nd electrode 325 (325a. 325b) to the 1st electrode 
321-1 forward current will flow into p-n junction- The 
minority carrier (electron) poured in into the p type ZnO 
system single crystal layer 315 and the majority carrier 
(electron hole) in the p type ZnO system single crystal 
layer 315 carry out luminescent recombination- In the case 
of the recombination of an electron and an electron hole-i 
the light which has energy equal to the energy gap of the 
forbidden band of ZnO is emitted! and the glass substrate 
3m is penetrated. It is reflected by the reflector 331 
and the glass substrate 341 and the light emitted to a 
reverse side penetrate the glass substrate 341 eventually. 
The wavelength of the light which penetrates the glass 
substrate 341 is about 37D nm. 

IDlTAlIn this above-mentioned embodiment i although LED 
was explained as an example of the semiconductor device 
using the p-n junction of a p type ZnO system single 
crystal layer and a n type ZnO single crystal layeri it 
is also possible to form a laser element combining a p type 
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ZnO system single crystal layer and a n type ZnO single 
crystal layer- In addition! it cannot be overemphasized 
that it is also possible to manufacture the semiconductor 
device which combined electron devices! such as FET and 
a bipolar transistor other optical devices-i and these 
combining a p type ZnO single crystal layer- 
[□17T]IAs mentioned above! although this invention was 
explained along with the embodiment! this invention is not 
restricted to these- Various conditions and other process 
parameters of crystal growth can also be chosen. In 
addition-, it is obvious ****** in a person skilled in the 
art for various changei improvement combination! etc- to 
be possible - 
[OlAOH 

CEffect of the In v e n t i on 1 T h e semiconductor device which 
has a good ohmic electrode to a p type ZnO system single 
crystal layer can be formed- 

CDlAlDUhen a semiconductor device is formed! operating 
voltage can be dropped and low power consumption becomes 
possible- Since the parasitic resistance resulting from 
an ohmic electrode can be reduced! the influence of 
generation of heat in a semiconductor device can be 
suppressed - 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings]! 

[Drawing li lt is a sectional view showing the outline of 
the HBE device for growing up the crystal structure 
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included in the semiconductor device by a 1st embodiment 
of this invention. 

[[Drawing 21 1 t is a sectional view showing the structure 
of the semiconductor device by a 1st embodiment of this 
invention . 

[[Drawing 33 It is a figure showing the current/voltage 
characteristics of the semiconductor device by a 1st 
embodiment of this invention. 

[[Drawing H it is a timing chart which shows the sequence 
method of the shutter for growing up the crystal structure 
included in the semiconductor device by the 1st 
modification of a 1st embodiment of this invention. 
IDrawinq 5J It is a semiconductor device by a End 
embodiment of this invention! and is a sectional view 
showing the structure which applied the semiconductor 
device by a 1st embodiment of the above to LED- 
[[Drawing bJ It is a sectional view of the crystal structure 
by the 1st modification of the semi conductor device by a 
End embodiment of this invention- Drawing fa (a) is a 
sectional view showing the whole structure. Drawing fc. ( b ) 
is a sectional view showing the structure of superlattice 
1 ayer s . 

[[Drawing 7JIt is a sectional view showing the structure 
which applied the semiconductor device by the End 
modification of a End embodiment of this invention to LED. 
[[Drawing fl]It is a sectional view showing the structure 
which applied the semiconductor device by the 3rd 
modification of a End embodiment of this invention to LED- 
([Description of Notations! 
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A RS-I1BE device 
C Control device 
P Vacuum pump 
S Substrate 

I Chamber 

3 Substrate holder 
3a Heater 
S Thermo couple 
7 Manipulator 

II The port for Zn 
IS Zn raw material 
17 Knudsen cell 

El 0 radical port 
31 N radical port 
ID □ ZnO board 

1D1 ZnO buffer layer (low-temperature growth ZnO buffer 
layer) 

1D3 ZnO single crystal layer ( h i g h - t e m p e r a t u r e - g r o w t h ZnO 
single crystal layer) 

IDS N type ZnO system single crystal layer 

1D7 P type ZnO system single crystal layer 

IDA Electrode 

IDfla The 1st metal layer 

IDflb The Bnd metal layer 

3D1 Sapphire substrate 

3DS ZnO buffer layer (low-temperature growth ZnO buffer 
layer ) 

3D7 Undoped ZnO single crystal layer 

( high- temperature-growth ZnO single crystal layer) 
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311 



N 



type 



ZnO 



single 



crystal 



layer 



( high-temper ature-growth ZnO single crystal layer) 

31S P type ZnO system single crystal layer 

(high-temperature-growth ZnO single crystal layer) 

31fi Insulator layer 

3E1 The 1st electrode 

32S The 2nd electrode 
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WRITTEN AMENDMENT 



[Written amendment! 

[ Filing datelJanuary IT-. Heisei IE (2 IT) 
[Amendment 11 

[Document to be Amended JDRAUINGS 
Cltem(s) to be AmendedJComplete diagram 
[Method of Amendment IChange 
[Proposed Amendment] 
[Drawing 131 
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